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Disorders of haemoglobin in China
YI-TAO ZENG AND SHU-ZHEN HUANG
From the Laboratory of Medical Genetics, Shanghai Children's Hospital, Shanghai, China.

SUMMARY A large scale survey of haemoglobinopathies and thalassaemia has been carried out
in China, involving 900 000 people in 28 provinces. It has resulted in the finding of many new

variants and some interesting cases of thalassaemia, and in a study on the chemical structure of
abnormal haemoglobins and DNA analysis of thalassaemia. We report here data on haemoglobin
disorders in the Chinese, mainly the characterisation of the geographical distribution of
haemoglobin variants, the analysis of globin genes of a, I, y, or b(3 thalassaemia, and the progress
in prenatal diagnosis of a and ,1 thalassaemia conducted in the authors' laboratory.

FIG 1 Surveys ofabnormal haemoglobins in China.
The numbers represent the numbers ofsubjects examined
and the percentages represent the incidence ofabnormal
haemoglobins.
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Disorders of haemoglobin in China

The People's Republic of China is situated in the
south-eastern part of the Eurasian continent and has
a total land area of 9-6 million square kilometres. It
is divided into 22 provinces, five autonomous
regions (Inner Mongolia, Ningxia Hui, Guangxi
Zhuang, Xinjiang Weiwuer, and Tibet), and three
municipalities (Beijing, Shanghai, and Tianjin)
directly under the central authorities (fig 1). China is
a unified, multinational country (56 races), with a
population of about one billion. In recent years a
large scale survey of abnormal haemoglobins and
thalassaemia was undertaken in China among 35
races, involving more than 900 000 people in 28
provinces (autonomous regions and municipali-
ties).13 The analysis of the chemical structure of
haemoglobins and the study of globin genes of
thalassaemia were conducted in various laboratories
in China. In this paper we summarise the data on
haemoglobin variants and thalassaemia and report
some results of the analysis of globin genes in China.

Haemoglobin variants

Using electrophoretic techniques, blood haemoly-
sates from 902 204 people were examined. A total of
2936 pedigrees with abnormal haemoglobins was
found. The incidence of abnormal haemoglobins
was 0-33% and the incidence in various regions in
China are shown in table 1 and fig 1. The data show

TABLE 1 Survevs ofabnormal haemoglobins conducted in
China.

Areas Total No of No of families Inicidence of
surverved subjects with an abnormal Hb

examined abnormal Hb (%)

Yunnan 8534 517 6106
Fuj'ian 10 653 44 0-41
Xinjiang 154 781 634 0.41
Guangxi 70 344 28() 040)
Guangdong 308 308 858 0.28
Jiangxi 32 359 89 0.28
Anhui 19 124 43 0.23
Gansu 9687 21 0-22
Beijing 13 994 29 0.21
Guizhou 22 373 45 0.20
Shanxi 11 549 23 0.20
Zhejiang 39 623 76 0.19
Sichuan 16 041 30) 1)19
Hunan 10 026 19 0_19
Hebei 6230 10 0.16
Inner Mongolia 27 557 43 0-16
Ningxia 4522 7 0-16
Hubei 22 953 35 0-15
Tianjin 2016 3 0.15
Oinghei 2765 ois-1
Liaoning 14 571 20 0.14
Heilongjiang 26 791 35 0.13
Shanghai 10 233 13 0-13
Shaanxi 7070 8 0-11
Jilin 10 902 12 0.11
Henan 25 558 28 0.11
Jiangsu 8693 8 01)9
Shandong 4947 2 0)4
Total 902 204 2936 0-33

that Yunnan province has the highest incidence

(6-06%/) of Hb variants, where much haemoglobin E

was found.

By fingerprinting or HPL chromatography, the

chemical structure of 59 haemoglobin variants has

been identified in about 700 families in China.

Among them, 20 are new variants (table 2).

TABLE 2 Haemoglobin variants found in China.

Residue Substitution Name

a chain variants 2(A2) Leu--*Arg *Hb Chongqi
IlI(A9) Lys--+Gin *Hb Wuming

Lys--*Glu Hb Ananith

15(A13) Gly--+Arg Hb Ottawa

16(A14) Lys-,-Asn *Hb Beij'ing
Lvs-~GIu Hb I

Lys--*Met *Hb Harbin

18(A16) GIv--*Arg Hb Handsw

19(ABI) AIa--+GIu *Hb Tashika,

26(]37) Ala-.GIu *Hh Shenvat

27(B38) GIu--+Lys *Hb Shuanfe

Glu--*Ala *Hb Xuchanj
30(BII) GIu-~GIn Hb G Chini

34(Bl5) Leu-~Arg Hh Queen'
42(C7) Tyr--*Asp *Hb Huaxi

48(CE6) Leu--+Arg Hb Montgoi
50(CE8) His-~Asp Hb J Sardo,
51(CE9) Gly-.Arg Hb Russ

54(E3) G1n-~GIu Hb Mexico

56(E5) Lys--4hr Hb Thailan(

64(E13) Asp---Gly *Hb Guangzl
68(E17) Asn--+Asp Hb Ube-2

Asn- Lys Hb G Phila

74(EF3) Asp-~His Hb G Taict

75(EF4) Asp--+Ala *Hb Duan

77(EF6) Pro.-Arg *Hb Guizhot

78(EF7) Asn-~Lvs Hb Stanlevy
87(F8) His-ly,Tr Hb M lwat

His-~Arg Hb lwata

116(GH4) GIu-~Lys Hb 0 Indol

chain variants

6(A3) Glu-~Val Hh S

Glu-~Lys Hb C

6 or 7 GIu-0O Hh Leiden

7(A4) GIu--Lys Hb Siriraj

Glu-~Glv Hb G San

8(A5) Lys-~Gin *Hb J Luhe

10(A7) Ala-~Asp Hb Ankara

22(B4) GIu-~Glv Hb G Taip(
Glu-~Ala Hb G Cous

Glu-~GIn Hb D Iran

26(B8) Glu-.-Lvs Hh E

29(B1I1) Gly--*Asp Hb Lufkin

5l1(D2) Pro-~Arg Hb Willamc

56(D7) Glv--+Arg Hb Hamadi

Glv-~Asp Hb J Bangl
59(E3) Lys--+Asn Hb J Lome

64(E8) Gly---Asp Hb J Calab
78(EF22) Leu-~Arg *Hb Ouinhai
80(EF4) Asn---*Lys Hb G Szuhi

113(G15) Val--+Glu Hb New Y(

120(GH3) Lvs-+Ile *Hb Jianghu

121(GH4) GIu--4GIn Hb D Punj

127(H5) Gln-~Glu Hb Complu
131(H9) G1n--+Pro 'Hb Shangh~

144(GHI) Lys--+Asn Hb Andre%

y chain variants

22(B4) Asp--+Gly(G-yl) *Hb F Urun

25(B7) Gly--+Arg(Ayl) *Hb F Xinji;
66(EIO0) Lys-~Arg(Gyl) *Hb F Shanj
73(E17) Asp--+His(Ayl) *Hb F Xin-S

*New variants.
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The data on the geographical distribution of Hb
variants in China show that Hb E, New York, G
Chinese, Q Thailand, and J Bangkok are mainly
distributed over provinces of South China. These
abnormal haemoglobins are also common in adjoin-
ing South-East Asia. In contrast, Hb D Punjab is
principally found in the north of China. This variant
is more common in India and South-West Asia, and
it is considered that Hb D Punjab in China and India
may have the same origin. It is possible that as early
as in the Han dynasty (2000 years ago), the Hb D
Punjab gene was introduced through the 'Silk Road'
from India to China. In addition, a rare variant, Hb
Queen's, was first found in Koreans. In China this
variant is also found in the Korean nationality and
the coastal areas close to Korea.

a thalassaemia

A total of 12 821 samples of cord blood from

TABLE 3 The incidence ofa and P thalassaemia in China.

Areas surveyved Total No No of cases %

a thalassaemia*
Guangxi 301 45 14 95
Guangdong 4310 177 4-11
Jiangxi 769 20 2-60
Sichuan 4007 77 1-92
Zhejiang I()() 12 12)
Xinjiang 859 4 0(47
Shanghai 1575 4 0(25
Total 12 821 339 2-64

i thalassaemia
Guizhou 8655 191 2-21
Sichuan 7525 164 2-18
Guangxi 52 471 8)))) 1-52
Guangdong 10)2 356 111) 1-08
Hunan 5178 19 (0.37
Liaoning 346 1 0(29
Yunnan 370) 1 0)27
Jiangxi 31 590) 56 0(18
Fujian 1276 2 0(16
Huhei 21 60)3 19 (1)9(
Shanghai 12 0)17 8 0)(17
Xinjiang 117 951 29 002
Total 361 338 24(X) 066

*Including a thalassaemia 2. c thalassacmia 1. Hb H disease. and fih Bart's
hydrops fetlalis.

newborn babies was screened by electrophoresis in
seven provinces (autonomous regions and municipa-
lities) of China; 339 cases of a thalassaemia were

found with raised levels of Hb Bart's. The incidence
of this disease was calculated to be 2-64%. The
incidence of a thalassaemia in the various areas of
China is shown in table 3.'
The data show that the incidence of a thalas-

saemia in Guangxi Zhuang autonomous region
bordering Vietnam is the highest (14-95%), where
Hb H disease and Hb Bart's hydrops fetalis are

serious problems. The high frequencies of a thalas-
saemia mutations have perhaps resulted from selec-
tive advantage of heterozygotes for these mutations
over wild type homozygotes.
By restriction endonuclease mapping, we analy-

sed the a globin genes of 60 unrelated Hb H patients
and many of their parents. Three types of a

thalassaemia were identified: the leftward (4-2 kb)
deletion, the rightward (3-7 kb) deletion, and a

non-deletion type. The results, listed in table 4 and
fig 2, show that different types of Hb H disease are

FIG 2 Geographical distribution of various types ofHb H
disease in South China.

TABLE 4 The distribution ofa globin genes in Hb H disease among the Chinese.

Province Case No Non-deletion Deletion

0IT/-- aaV - a-I-- -a!- -
(-3 7 kb) (-4-2 kb)

Guangxi 24 9 2 12 1
Guangdong 9 () 6
Jiangxi 16 3 3 6 4
Hubei 5 2)
Yunnan 3 2 ()
Sichuan 3 ()
Total 60) 16 7 27 1()
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distributed in different regions. The rightward dele-
tion is mainly found in the Guangdong province, the
leftward deletion is often found in the Jiangxi
province, while the non-deletion type is mostly
observed in the Quangxi region, where the main
population is of the Zhuang nationality.4
For prenatal diagnosis of a thalassaemia, two

methods, namely restriction endonuclease mapping
and rapid DNA dot hybridisation, were used in our
laboratory.4 The technique of DNA dot hybridisa-
tion is based on the principle that the number of a
globin genes in human cell DNA is proportional to
the intensity of the autoradiogram. The DNA
sample is applied directly onto the nitrocellulose
membrane for hybridisation with labelled globin
complementary DNA. The radioactive intensity of
the DNA spot on the nitrocellulose filter identifies
the number of a globin genes. This method has the
advantage of simplicity, rapidity, and economy, and
requires only 5 ,ug DNA. The whole process can be
completed within 33 hours.4 This technique was
successfully applied in 13 pregnancies at risk of
haemoglobin Bart's hydrops fetalis, in one at risk of
haemoglobin H disease, and in two at risk of both
disorders.

, thalassaemia

Using cellulose acetate electrophoresis for the quan-
tification of Hb A2 and an alkali denaturation
procedure for the determination of Hb F, more than
360 000 people in China were screened for Pi
thalassaemia and 2400 cases of the disease were
found. The incidence of i thalassaemia was calcu-
lated as 0.66%. The regional incidence rates are
shown in table 3.' As is shown in table 3, the
incidence of PI thalassaemia is higher in the south
than in the north. This is similar to the geographical
distribution of fi thalassaemia generally in the world,

in that the incidence is higher in the South-East
Asian regions bordering the south of China and
lower in the neighbouring countries to the north of
China, such as the Soviet Union and the People's
Republic of Mongolia.
A systematic study of DNA restriction fragment

length polymorphisms (RFLPs) and haplotypes in
the Chinese globin gene cluster was conducted by
the authors using seven DNA probes specific for 13
polymorphic sites. Table 5 shows the frequencies of
these polymorphic sites in the Chinese, and com-
pares the frequencies in different racial or ethnic
groups. Haplotyes were determined at eight poly-
morphic sites and showed that 13 different types
were associated with 50 chromosomes carrying the

thalassaemia (pT) gene (fig 3). Among them 10
haplotypes have not been previously reported.5
To date six different mutations leading to

thalassaemia have been found in the Chinese
population.6 7 The six types are (a) AG substitu-

tion at TATA Box -28 bp; (b) G--C substitution at
IVS-1, position 5; (c) A-*T substitution in codon 17;
(d) four base pair deletion (CTY'l) in codons 41 to
42; (e) nucleotide insertion of A between codons 71
to 72; and (f) C--T substitution at IVS-2, position
654. Using synthetic oligonucleotide (nonadecam-
ers) probes, homologous to the six 13T mutations, as
well as their normal counterparts, DNA from 10
thalassaemia patients and their parents, living in
Sichuang, Zhejiang, Guangxi, and Hunan of China,
was analysed (table 6). The data listed in table 6 are
in contrast to previous reports,67 in which most of
the mutant genes were caused by type E and F
mutations and none by type A. This discrepancy
could be due to the differences in the geographical
locations of the Chinese patients in these studies. In
addition, although previous reports showed a close
association of haplotypes and specific mutations in
an ethnic group, 8 our data showed that four types

TABLE 5 Frequency ofDNA polymorphic sites in the 13 globin gene cluster in different racial groups.

RFLP Greeks Italians American Blacks Indians Chinese

PA PT A P PA K A PT PA PT

HincIl 5'£ 0-46 0(85 0(76 0(54 (01( 0(02 0(78 0(75 0(75 0(66
HindlIl Gy 0(52 0(14 0-26 0)48 0-41 0(35 0-30 0(26 (019 ((08
HindlIl Ay 0-30 00-7 01)6 0(37 0(16 0(05 0)6 (0-(9 0-28 (-()0
Pvull pf3, 0(27 0(16 0(62 0-04 0(38 0(20
Hinchl qpi, 0-17 0(07 0(20 0-11 0(15 0114 0-17 (-1( 0(07 0(08
Hincil 3'yq, 0-48 (012 0-28 0(31 0(76 0(81 0(27 0-17 0(15 0(08
Hinfl 5'0 0-97 0(92 0(95 0(92 0(70 )1 I0() 0-86 0 91 0(65
RsaI 5' 0 51 (045
HgiAI 5'0 0-80 0-9() 086 (173 0(96 0(96 0(82 0(38 0(47 (135
Avail 5 0-80 (-9() 186 (173 0(96 0(96 0(78 0-38 0 49 0(60
HpaI 3' 1 ()() 1.8) 1 ()1 1 0() (1.93 1-35 1-(X) I-(X) (089 (1-95
HindII 3'1 0-72 0(63 0(56 033 () 1(
BamHI 3'1 0-70 0(78 (-74 0-82 (-9( 1-()1) 0(82 0-84 0-62 (-88
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5' V(32 Gy A-y (PO I 6 3'

t t t t t t tt
Hind III Hind III HincII
9-0 (-) 3.5 (-) 7-6 (- -)
8-2 (+) 2-7 (+) 6-0 (- +)

4-6 (+ -)
30(+ +)

Avail Hindill Bam Hi
2-2 (-) 15-3 (-) 22 (-)
2-0 (+) 13-5 (+) 9-3 (+)

Types Haplotypes No of Frequency
chromosomes

+ _ _ __ + - + 18 36%
II_+ -_ _ _ + 10 20%
-lil_ _ _ __ _ _- + 6 12%

*IV - - - -- + - + 4 8%
V + - - -- + + - 3 6%

*VI - - -- - - 2 4%
*VII + + - -- - + - 1 2%
*VIII - - - + + + - + 1 2%
*lX - - - +- + - + 1 2%
*X + + - -- + - + 1 2%
*XI - - - -+ - - + 1 2%
*XII - + - + + + + + 1 2%
*XIII - + - ++ + - + 1 2%

Total 50 100%

'New haplotypes

FIG 3 Haplotype offlT chromosomes in the Chinese. Each polymorphic site is shown by an arrow. The number under the
restriction endonuclease is the size ofDNA fragments (kb). + indicates presence ofcleavage at a particular site; - indicates
absence ofcleavage at a particular site.

TABLE 6 RSP haplotypes oftypes of,B thalassaemia gene.

No of Origin Restriction site Types of S thalassaemia mutations
families polymorphism haplotype

TATA iVS-I Codon Codons Codons IVS-2
Box-28 No 5 17 41-42 71-72 No 654
A-G G-C*C A- T -4 bp +A CT

I Shanghai Paternal -+.-+++.++ +Maternal -+.-++ + +

2 Zhejiang Paternal +----+-+ +
Maternal +---- - + +

3 Sichuang Paternal +- +--- +- - +
Maternal +---- - - +

4 Hunan Paternal +----- - + +
Maternal +---- +- + +

5 Zhejiang Paternal +----. +- - +
Maternal +- - --- -+ +

6 Guangxi ~~~Paternal - - - - - - - - +6 Guangxi Maternal - + +

7 Sichuang Paternal ----+--+ +Maternal + - - - - + - + +
8 Sichuang Paternal + - - - - + - + +

Maternal +---- +-+ +
9 Guangxi Paternal +----+- + +Maternal - - - - - - - - +
10 Hunan Paternal - - - - - - - - +

Maternal ---- --- - +
No of chromosomes 20 1 2 2 8 4 3
Percentage 1() 5 10 10 40 20 15

of mutations (C,D,E,F) were found in a haplotype
+ - - - - + - +, the commonest type of Chinese pT
mutation.9 A plausible explanation is that the
multiple mutations found in this haplotype may have
arisen by gene conversion.

Prenatal diagnosis of Pi thalassaemia was per-
formed in Shanghai Children's Hospital by linkage
analysis of RFLPs, as well as by synthetic oligonuc-
leotide hybridisation.10 Oligonucleotide hybridisa-
tion provides a very effective method for direct

Hinc I 1
8-0 (-)
3-7 (+)

Yi-Tao Zeng and Shu-Zhen Huang
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detection of the mutation and for prenatal diagnosis
of 13 thalassaemia. We used the synthetic oligomer
probes specific for the normal and mutant sequence
of codons 41 to 42 (-4 bp) to diagnose two fetuses at
risk of 13 thalassaemia, which cannot be diagnosed
by linkage analysis of RFLPs, identifying one fetus
as having 13 thalassaemia trait and the other as
having 13 thalassaemia major.

y thalassaemia, 613 thalassaemia, and HPFH

During an analysis of the y globin chain composition
of over 1100 Chinese newborn babies by HPLC, we
found 25 babies who were heterozygotes for y
thalassaemia, while one baby was a homozygote
with Hb F consisting of a chains and Ay chains only.
Gene mapping of the DNA from this baby and his
parents identified the baby as a homozygote for
-GyAy thalassaemia which is caused by a deletion
of about 5 kb due to an unequal crossing over
between the -Gy and -Ay genes. The frequency of
the -GyAy gene among babies from the Shanghai
area may be as high as 0*012%."

In addition, a few cases of HPFH and 61B
thalassaemia were found in various provinces
throughout the south and north of China. DNA
from the three families with 613 thalassaemia or
HPFH was analysed by extensive restriction
endonuclease mapping with a battery of restriction
enzymes and probes. 12 The first concerns a
Gy(Ayb6)' thalassaemia found in a relatively large
family from Canton. This type of thalassaemia was
characterised by a large deletion originating 3' to the
Gy globin gene and extending beyond sequences
recognised by the pRK28 probe. The abnormality is
different from similar conditions found in families
from other countries. We named it the Cantonese
type after the area where members of the family are
living. The second was a most unusual GyAy(61)+
HPFH condition present in a large family from mid
China; this anomaly closely resembled the different
HPFH types found in Blacks, except that no
deletion was present. The third was a Ay(8p)+
HPFH type which excludes the presence of a
deletion of any signficant size and resembles those
seen in Greece and England.

Conclusion

In summary, the Chinese are the most populous
ethnic group in the world. Friendly contacts be-
tween the Chinese people and the people of other

countries began as early as 2000 years ago. Thus, the
study of haemoglobin disorders in the Chinese will
contribute considerably to the understanding of the
historical, racial, migrational, and genetic rela-
tionships between the Chinese and other nations of
the world. Previous studies of haemoglobin dis-
orders conducted in China have revealed many
different haemoglobin abnormalities in the Chinese
population; further study on the molecular defects
of Hb disorders will reveal the molecular mechan-
isms of abnormal globin gene expression and the
results of these studies may be applied to the
diagnosis and therapy of haemoglobin disorders and
also to other genetic diseases.

This work was supported in part by USPHS Re-
search Grant HLB-29623.
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